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I 

DISCRETE SOURCE INTERPRETATION OF 

RECENT HIGH-ENERGY COShIXC GMlhIA-RAY hIEASUREMENTS 

Recent  d a t a  of C l a r k  Garmire and  Kraushaa r  (19G8) o b t a i n e d  

w i t h  t h e  high-cnorgy gamma-ray detector  on board the OSO-3 spnce -  

c r a f t  c o n s t i t u t e  t h e  f irst  conv inc ing  nieasurernent of cosmic garnma- 

r a y s  a round  100 MeV. The a n g u l a r  d i s t r i b u t i o n  of t h e  e v e n t s  i n -  
I 
1 .  dicate  t h a t  a large f r a c t i o n  of the f l u x  o r i g i n a t e s  i n  t h e  g a l a c t i c  

d i s c .  O n e  p o s s i b l e  i n t e r p r e t a t i o n  of t he  r e s u l t s  is i n  terms of 

t h e  secondary  gamma-rays produced t h r o u g h  t h e  i n t e r a c t i o n s  of 

cosniic r a y s  with t h e  ainbient i n t e r s t e l l a r  g a s .  D e t a i l e d  c a l c u -  

l a t i o n s  of t h e  e x p e c t e d  f l u x  clue t o  t h i s  p r o c e s s  h a s  been done by  

v a r i o u s  a u t h o r s  u s i n g  t h e  gas  d e n s i t y  d a t a  o b t a i n e d  t h r o u g h  2 1  c in  

Hydrogcn l i n e  n l e ~ s u r e i ~ l e l l t s  and assuming t h a t  cosmic ray i n t e n s i t y  

p e r v a d e s  t h e  e n t i r e  galaxy a t  t h e  l e v e l  measured l o c a l l y  ( P o l l a c k  

' and F a z i o ,  1963; Ginzburg and S y r o v a t s k i i  1964;  h y a k a w a  e t .  a l .  

19G4; Garmire and  Kraushanr  1965; Gould and Burbiclge 1965;  F a z i o  

1 9 6 7 ) .  

A s  d i s c u s s e d  by C l a r k  e t .  a l ;  (196s) the p r e d i c t e d  f l u x e s  f a l l  
e 

s h o r t  b y  more t h a n  an  o rde r  of magnj.tude i n  e x p l a i n i n g  t h e .  obse rved  

l i n e  i n t e n s i t y  of 5 x photoiis cmP2 sec r a d i a n  towards the  
-1 -1 

', '\ g a l a c t i c  ceiitcr a s  vrell a s  t h e  weaker a n t  i c e n t e r  i ' n t e n s i t y  e Modi- 

f i c a t i o n  of the p i - ed ic t ed  i n t e n s i t y  b y  i n c r e a s i n g  t h e  g a s  d e n s i t y  

or . t h e  cosriiic r a y  f l u x  cannot  be c l e a r l y  r u l e d  o u t ;  however, ' t h i s  



_ .  

would imply a d r a s t i c  iriodif i c a t i o n  of t h e  a c c e p t e d  v a l u e s  a s  well 

as  t h e i r  g a l a c t ‘ i c  d i s t r i b u t i o n .  
I 

. I n  t h i s  pape r  we would l i k e  t o  e x p l o r e  t h e  a l t e r n a t e  e x p l a n a -  

t i o n  t h a t  m o s t  of t h i s  f l u x  is due t o  u n r e s o l v e d  d i s c r e t e  s o u r c e s ;  

a p o s s i b i l i t y  s u g g e s t e d  by Clark et;. al. (1968) as wel l .  

If w e  s t a r t  w i t h  the low energy d a t a  a round 4 t o  8 keV where 

t h e  a l l - s k y  cove rage  is most comple te ,  clef i n i t e  p r e d i c t  i o n s  and  

checks  can  be  made regarc l ing  t h e  above h y p o t h e s i s ;  by u n f o l d i n g  

t h e  g a l a c t i c  p l a n e  d i s t r i b u t i o n  of t h e  x-ray d a t a  w i t h  t h e  an-  

g u l a r  r e s p o n s e  f u n c t i o n  of t h e  OSO-3 d e t e c t o r  t h e  g a l a c t i c  p l a n e  

- p r o f i l e  can be  p r e d i c t e d  and checked a g a i n s t  t h e  r e s u l t s ;  from 

t h e  t o t a l  measured f l u x e s  i n  the  x- ray  and ganiriia-ray r e g i o n  t h e  

s p e c t r a l  i ndex  can be p r e d i c t e d  and compared t o  t h e  measureniexts 

of  t h e  power law index  i n  t h e  s o f t  and h a r d  x- ray  r e g i o n ;  t h e  

in ip l i ed  gamma-ray f l u x e s  can be compared t o  t h e  b a l l o o n  e x p e r i -  

nients i n  t h e  100 SIeV r e g i o n .  - -+_ 
- - -__ 

I n  or-dcr- t o  avo id ’  i n s t r u n i e n i a i  d i f f e r e n c e s  we u s e  t h e  s u r v e y  
-_  ---. 
\ of Friedman e t .  a l ,  1967  i n  t h e  4 t o  8 keV r e g i o n . *  The a v e r a g e  

i n t e n s i t y  of x - r ays  along t h e  g a l a c t i c  p l a n e  due  t o  t h e s e  s o u r c e s  

is 4 . 3  p h o t o n s  crn’2-sec -radian-’. The obse rved  a v e r a g e  gamma -1 

’ -4 
r a y  f l u x  above 100 X e V  i n ’  t h e  g a l a c t i c  p l a n e  is 1 . 6  x 10 

cm-2-sec-1-rad.-,1. 

* 

photons-  

I f  a l l  t hese  ganma-rays are  t o  be a c c o u n t e d  
_.__ - 

I n  t h e  c a l c u l a t i o n s  SCO X R - 1  was o m i t t e d  due t o  i’t‘s s o f t  

s p e c t r u m  and o f f z s e t  p o s i t i o n  from t h e  g a l a c t i c  p l a n e .  

and  J a c o b s o n  1966, Grader e t .  a l .  196s). 

( P e t e r s o n  

-2- 



for by t h e  e x t r a p o l a t e d  x- ray  power law spectrum, t h e  a v e r a g e  

d i f f e ren t : a l  exponent  woula be -2.1. 

spe2t ra l  cove rage  of all x-ray  s o u r c e s  and  u n c e r t a i n t i e s  i n  t h e  

Due t9 t h e  l a c k  of comple t e  

p o s i t i o n  of  t h e  s o u r c e s ,  a d e t a i l e d  check  of t h e  s o u r c e  s p e c t r a  

is n o t  f ea s ib l e ,  however,  i f  w e - n o t i c e  t h a t  70% of t h e  ga lac t ic  . .  
x-ray  f l u x  is due t o  TAU XR-1,  CYG XR-1 and S o the r  s o u r c e s  i n  

t h e  ga l ac t i c  c e n t e r  r e g i o n ,  a q u a n t i t a t i v e  coniparison can  be macle 

\ f o r  ' t h e s e  more i n t e n s e  s o u r c e s .  Table 1 s u n x w i z e s  t h e  d i f f e r e n t i a l  

. s p e c t r a l  i ndex  measureinents f o r  t h e  well. r e s o l v e d  TAU X R - 1 ,  CYG XR-1 

. and t h e  S a g i t t a r i u s  r e g i o n  which c o n t a i n s  a number of s o u r c e s  un- 

\ 
\ 

'\ 

r e s o l v e d  a t  t he  h a r d  x-ray l e v e l .  A s  t h c  table i n d i c a t e s ,  t h e  

p r e d i c t e d  -2.1 s p e c t r a  f i t s  q u i t e  well w i t h  t h e  e x p e r i m e n t a l  measure- 

ments  up  to 0.5 MeV, a b o u t  2 . 5  decades  s h o r t  of t h e  gamma r a y s  i n  

'\ 

'\ 

q u e s t  i o n .  

The main e v i d e n c e  i n  f a v o r  of t h c  un reso lved  s o u r c e  model is 

t h e  g a l a c t i c  d i s t r i b u t i o n  of t h e  e v e n t s .  Unfold ing  t h e  g a l a c t i c  

p l a n e  d i s t r i b u t i o n  of  x - r ays  w i t h  t h e  OSO-3 g a m a - r a y  d e t e c t o r  re- 

sponse p - f o l d i n g  a n g l e  of 15O) and siuiniing o v e r  - + 15O of t h e  ga- 

lacl;icl\bX1 g i v e s  t h e  p r e d i c t e d  shape  of t h e  d i s t r i b u t i o n .  

I 

I&+t.-I tu a4 

On F i g .  1 

t h e  050-3 r c s u l t s  of t h e  g a l a c t i c  .plane d i s t r i b u t i o n  a r e  p l o t t e d  

w i t h  t h e  cu rve  of "de- reso lved"  x- ray  s o u r c e s  e x t r a p o l a t e d  t o  l0ONeV 
J 

' - u s i n g  E -201 d i f f e r e n t i a l  spec t rum.  O f  t h e  36 p o i n t s  p l o t t e d ,  25 of 

them f a l l  w i t h i n  one s t a n d a r d  d e v i a t i o n  of t h e  e x t r a p o l a t e d  x- ray  

c u r v e  a s  e x p e c t e d  f o r  a good f i t .  

-3- 
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- -  
\\ The i m p l i e d  f l u x e s  of gamma-rays above 100 MeV f o r  these 

I 

s o u r c e s  would be lom4 t o  5 x phof;ons cm”-sec’l which a re  

l i m i t s  of s l i g h t l y  h i g h e r  t h a n  t h e  exper i i , l en ta l  upper  t o  3 x 10- 5 

p l y t o n s  ~ m - ~ - s c c  (Cobb et. a l .  1965,  F r y e  and Smith 1966,  F i c h t e l  

e t .  al. 19GS, F a z i o  e t .  al. 196’8). The o n l y  p o s i t i v e  f l u x  measure- 

ment a t  t h i s  e n e r g y  w a s  r e p o r t e d  by D u t h i e  e t .  al. (1966) a t  a 

l 

\ 

I . d i r e c t i o n  a round Cygnus XR-1  a s  1.5 ’4- c -.8 x pho tons  cm-2-sec-1 

which is c l o s e  t o  the v a l u e  of 9 x 

by e x t r a p o l a t i n g  t h e  x- ray  f l u x  w i t h  a -2.1 d i f f e r e n t i a l  i ndex .  

However, it s h o u l d  be p o i n t e d  o u t  t h a t  F rye  and  Wang‘s (1967) da ta  

i n d i c a t e ’ n o  s u c h  f l u x .  I n  view of t h e  f a c t  t h a t  t h e  f l u x  v a l u e s  

and  l j n i i t s  a re  q u i t e  s e n s i t i v e  t o  the  ene rgy  r e s p o n s e  a s  well a s  

.the angulai: r e s o l u t i o n  of t h e  appara tus  u s e d ,  f a c t o r s  of 2 d i s -  

c repxncy  between v a r i o u s  expcr i inents  a r e  q u i t e  r e a s o n a b l e .  

pho tons  cm-2-sec’1 o b t a i n e d  

’ 

- .  

-- - 

-1 
The f a c t  t h a t  o n e  s i n g l e  s p e c t r a l  index  may accoun t  f o r  t h e  

f l u x e s  from x- ray  t o  high-energy gami:ia-ray r e g i o n  i m p l i e s  t h a t  

.. % h e  mechsnisin r e s p o n s i b l e  f o r  t h i s  emis s ion  c o u l d  n o t  be syncho- 

t r o n  r a d i a t i o n  because  of the ex t r eme ly  s h o r t  l i f e t i m e s  of elec- 

t r o n s  r a d i a t i n g  the gamma-rays. 

I n  c o n c l u s i o n ,  a l t h o u g h  it is n a i v e  t o  e x p e c t  a l l  t h e  x-ray 

S o u r c e s  t o  behave i d e n t i c a l l - y ,  assuming t h a t  on t h e  a v e r a g e  t h e y  

have  a - 2 . 1  d i f f e r e n t i a l  index  up t o  100 MeV r e g i o n  would enable  

u s  t o  e x p l a i n  t h e  observed  gamma r a y  f l u x  and  s t i l l  r e t a i n  t he  ac- 

* 

cepted v a l u e s  of g a l a c t i c  cosiiiic r a y  f l u x  and ambient  g a s  clistri- 

b u t  i o n .  The f l u x  l e v e l s  of ganma-rays p r e d i c t e d  f o r  t h e s e  s o u r c e s  

are c lose  t o  t h e  s e n s i t i v i t y  t h r e s h o l d ,  o f .  t h e  p r e s e n t  day b a l l o o n  . 

borne d e t e c t o r s .  and  s h o u l d  y i e l d  p o s i t i v e  measurements i n  t he  near  
4 

f u t u r e  . 
-4- 
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-'. . .  
. .  TABLE I . I  

Summary of the  d i f  f e r e n t i a l  power law index  measurements of t h e  

TAU X R - 1 ,  CYG XR-1  and the S a g g i t a r i u s  r e g i o n .  

Source  D i f f e r e n t i a l  power l a w  index Reference  

TAU XR-1 -1,93 - I- .05 (2-20 keV) 1Iol-t e t .  a l .  1968 
-2.3 (5-40 keV) Grader et. a.1. 3.966 
-2.0 - + 0.3  (10-100 KeV) R i e g l e r  et.al. 1968 
-1.91 (10-250 keV) Pe te r son  et.al. 1968 
-2.19 -I- .08 (30-500 k e V )  Hayines et. al. 19G8a 

. .  

. .  - 
CYGNUS XR-1 -2.5 -t 0.6  

-2.62-+ 0 .5  

-1.93 + 0.2  
-1.93 '7 - 0.2 

- 
. .  -k 0.3 

.- -2.2 . - 0.2 
SAGITTARIUS R E G I O N  -2.0 1- .2 

-2.6 + 1.0 
-2.1 + 0.3 

- - _  - 
- 

(10-100 k e V )  R i e g l e r  e t . a l .  196s  
(20-130 k e V )  Bingham 8~ C l a r k  1968 
(10-250 keV) Pe te r son  e t  a l .  196s 
(30-500 k e V )  Haymes e t .  al. 196Sb 

>ic 
(1-10 k e V )  Rappaport e t . a l .  196:: 
(10-100 k e V )  B u s e l l i  et.al. 196s 
(10-100 k e V )  R ieg le r  et.al. 195s 
(30-500 keV) Haymes e t .  al. 196Sc 

*The data  well r e s o l v e s  t h e  S a g i t t a r i u s  r e g i o n ,  the quoted v a l u e  is 

for the s t r o n g e s t  s o u r c e  GX 5-1. 

- 7- 
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Pig .  1 . The s o l i d  l i n e  is  t h e  p r e d i c t e d  garma-ray i n -  
-2 .1  

t e n s i t y  d i s t r i b u t i o n  above 100 MeV w i t h  E 

ex t rapola t ion  of the x-ray s o u r c e s .  The p o i n t s  I 
are the r e s u l t s  of t he  OSO--3 gamma-ray de tec tor  -_ . .  -\ 

-- -\ 

\--- - _  _ ~ _  ~ _ _  . . - 

- .- -- - (Clark e t .  a l .  1968). - . _  

.\ '-.- . .  

__-- 
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